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ABSTRACT : PROBLEM TO BE SOLVED: To msike feasible direct connection of tunneling junction 
molecules to a fullerene, by forming a coupling of cyclopropane ring In a single electron 
transistor structure including quantum dot. 

SOLUTION: A molecular single electron transistor is composed of a quantun dot 1 1 made 
of a fullerene, Insulating molecules 12, 13 displaying tunneling junction characteristics, 
conductive molecules 14, 15 displaying conductive characteristics, a gate Insulating body 
16 consisting of an insulate molecule forming an insulating gate and a gate 17 comprising 
conductive molecules. The conductive molecule 14 and the conductive molecule 15 
respectively function as a source and a drain. In such a constitution, when a potential is 
impressed to the gate 17, the potential of the quantum dot 1 1 made of the fullerene is 
fluctuated by the potential fluctuation, and as a resultant, the channel current flowing 
between the source 14 and the drain 1 5 changes conresponding to the gate potential. 
Furthermore, the width of the tunnel junction and the barrier height, etc., can be controlled 
by changing the insulator molecular structure. 
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0. 1i^mcoiy>J=iy^i-m»im\'^fzh^y=Jx^X'0i^ 

1 0 0 ofgjji±^tt«g^itfg^!!M^^«gtc-r-i., 
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Tf^<7>^^</)M1Xti^^mFf- H -y h i: fCmiSL, Mfi 

^^;l'gf-^i:=5:S^t'^t#ta2a^-^MS:*-ri.fl!lc7) 
t iit^lt^^^h C i: J: 0 fLfcl»*3S 1 IB 

■tT'cri^t^Ji: , 0. 3 ^ L 1 n mX'fe II^JS 2 IBiKO 
y-ec7)t^m<^Mit«^^*^ K -y b i: LTftiiL, IS* 

<0|^^#:«MtL7&^^»i^ K -y b LTftii tA^-I h 
%%=i-<T}^^ifQ) . 2'&-V^L4 nm^JK. !f^tt^»^ h 

-a^(r>vm^(r>mxfi^-km.=f- k -y h ^ t-c^#t , 
iii.v^^<mm^ t 'im^cr)^m^=f-xw^^ttx\.^h 

[000 11 

Stttg hyy=Jx^ ofrM^Wjtic w-r ^ cor , $ ^> 



m.in-oyy-uy^ hh\m'm<xyy-i'ynxx/^ 
vy. ^ cr>mmzmt s t <nx'f> h . 

[0002] 

i.'o'mL^ixx^fz. mLmmh. ^cy 

TT^-tV y^i^y^X. 7 4^12-^. 7 32 IK 
( 1 99 3^) (Y. Wada, et. al., J. Appl. Phys.,7 
4(12). 7321 (1993).) iCpffltC^i'^'^^ixTV^^ J: 3 
iZ^ ®/jNanX^li:3^T-7 0%b^'^0imi>z^^^^- 
XX'3 0^jfi< t,e/hSflJg{tT &Tt5 0 . m&X'ii 

0. 2 5 S^J'ny (;um) co^DX^ffi7!)^■fflV^/i>i^TV^ 

t^tlX\'^^. 

[0 00 3] ^comm^mm-thfzMz^ e^mi^hyy 
=jx-$'ifi^m^ti, m^^ixx\^h. mn^vAv-y. 

b'-xA i^>— :^;K 3 2#14 4K(1989 
^) (K.K. Likharev, IBM J. Res. Develop, 32. 144 
(1989).) tcp*ICiB^§tl.TV^?.j:di:. SS/h^M^ 

m-^j:mX\ 4^ H -y h CO-^iS 5r 3 0 n mUmz-t^ Z t 
iciO, lx7(10'2) 'syl^'y oMf^as^HilT 

i:JtisL-c. mmmm^i}^mx'h^:ibix'm^t;>tix 

[0 0 04] L*»L, «^c7)tt«ll,«t Oti^^J-f Lt,iE?i 

-a:i>7ta6t:(i:, -y hco^ffi^^^SMNS<-r-l.ie:^ 
giOS) I. i: co^^xm h MZX^ fc, 7 b f -y 
^m. =J^—i-/u :ty ry'y-i H y ^i^y^X^ 7 
5^7-^, 3 6 54W (1 994^) (M. Lutwyche.e 
t. al., J. Appl. Phys. . 75(7). 3654 (1994)) tCpSffl 

1, Z^^(,tlX V ^ I. j; a . ly^y ^fu^i^xLcomm^x 

M-m^h^yi^xi^^m-m^-^&fciibizit. me^zm.^ 

F ^y F^ffii: K)^tSJgc7)M«^^ t^c J: 0 iz . H 
■y hcO-^&S: 1 0 nmOT. J: Oattfg'Srf^'i'^ 
i:mm-thfzi^lZl±. 1 nmh^^Mi^ttMTlZi-hZ 

bi}^'X^^mxh^. tfz~:fjx\ :^mmz^j<-! ximm 
Lfzm^t,z^^m^zmmb^j:^m^ h -y b^^^otf^boi^ 

xhh. 

[0005] 
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m.^V yhi,zyy—]yy$)^^^i>iKd<.yy-i-yti 
XU'^iXt:>cr>mmi^^j:b'^^^^i>^'i'^m^^^Zt^zJ;: 
•5 . »^ H h<7)-^m^ 1 n mOTi:^^^fc/h$ < "TS 

^j:t^m=?-hyyi^x^{,zm\.xit. ^m. rhS /^? 

ryY'^Jl'^a-y- V^^-X, ^)Vy-^m. 19 
9 7^ 1 9 3H (Atomic and Molecular Wires. C. Jo 
achim and S. Roth (Eds.). Kluwer Academic Publishe 

rs(1997) PP193) \.Z%im^tlX\^h . L*^L. ZcT^-XWi 

WA^ V -y h tc h y^-ivm^ b.y-v i^w<^m-yjcr> 
^=m'^^m^L^£iW,i^£t:,-^j:\^b\^omWiifihhtz 

i-^mi-z^hXd h§*^l|3ST'# 
C 0 0 0 6 ] ^fc, t^S«-Ci±#tr:*;# <5X'9±tt% 

tix\>^^\>^tiK m^}^ y hizm^Lxmif(i>tix\^h- 
z. b t^'&mx'h zixh ijmmmmtcmf^x'mM'.z 
^vi^ffifii ( R ) *i h y^^)vm^b Lxm < fmm<^mm 

(t ) tc^L:^S*HC. 

R=k exp (-t ) ( 1 ) 

COXO ^'SmX'^^-rtfzHb l,Z . ;b-r*» O . l n m F 

y^-j\^m^imcom:t^^r>xi>. mirimii-mmjsm^^^ 
i.zmmx^hm^x'h^. ^I'mm.iin-^z'timi. « 

[0 0 0 7] vt»(r)mixi,tyy-iyyi,zmmh 
y ^^jum^ t ^ ^ ^ # ^ mm-r i>zb i±^mi,zmm. 

X'h'O. »^h'-y hi,zyy-V'yhh\^^ti<r>mM-irf^ 

^fflv ^/^«ji<7)^tttg^m«^ hyyi^xif ^mmt 
hzb {tmm^zyF^^{.zm-^fz . ^mnx'i,i. 

<ntz^. mmmimn'y^)v^vi^i±<r>n'^\.z-m/&m: 



[0008 J 

*«jt(i»^ H -y h , h y^-M^^. mm/mm. am 

yy'JX'^cr,mmim^-mii.zm^^rzi:>cr>X\ M^H-y h 

1 0 1 , h y^-)vm^ 1 0 2, 1 03, ^mism® 1 0 

4 , 10 5, mMy- M 0 6 , hW& 1 0 

7J;'5^Sffiii*S^-r. tfrf^Jiafi, y-hmfiil0 7 

<fc'9-^;t?t'-KT->'>'-Y;UcJ;'9, 4^ K -y M 0 1 
xy>'-r/U&^'fb$ii-, mm.'f-Y >y M 0 1 ^M^mrt 

(^^^un-th%,<r)X'hh. 
[0 0091 Ltzif'>X. :iix(=<7)mmi'rt=?-x'mm- 

htz>sb[zt,i^ mM.^Y -y M 0 1 , mm.'&nM. 10 4, 

10 5, a^T/y-Ym&iontmw^-^^. ^tzv 

y:^-)Vm^ 1 0 2, 1 0 3l,i.%=^ifihy:^-)V't^\<Z-^ 
»v^b>'^^;b^»'tt^^^, im.y-V 1 0 6{±^SHt«- 

[00 10] M^F-y M 0 Iti, H6tc^L;t*^F 

-yY^mbwrns-om^^m^-th^o^j:-^. -tta 

h-h'J'-^Kbh. lOnmOT, J: DiStttg^Hil-r-l. 
(T^Thttii 1 n mmT^<50^-j£-C$)-i> ^ b ifitimX'^ 

yy-uy^\^L-m}$:yy-uyi5Xx/^(r)^i^ 

^0. inmu^b. m^mmm^hyyjxi^cTim.^ 

i'5r«^T*>S. ^(7)mi^m±m^^j:-^i:^fzib. 

'i:^^^-rVN'^ x#tt(c-^i5-^T , f -y 

F i: bXm^Z. b i}^mX'h h . F y ^vPJg-^ 10 2, 
1 0 3 ^Jgfig-rs^J-^ti, 79-uyi:iS-^t, ts-r>Y 
y^-)\m>^^'^-tfz^. 0. 2^V->L4 nm^cT):^;^ 
-C-^i hZb if-m:X'-h h , «lr 

i^i^tJFP$r^f1-r if^m.X\ m.=F F >y F 7 
-^>'$:fflV>-l>^-^(3{i, 0. 3^V^t 1 nmgJ^T&^ft 

104, 1 OSfi, '<.>-4fyS, ;JfUT-fe 

'f~vym<^^w^^^. mmmf=F^m\^h:ibifi 

Wj:^mz^=?-cr>nm-thU'i}^WM.-th ^ 

xVNMxt Lxmu^zb^mmx-h^. Ltzt^-^x. 
nm.'^zmm-^^X'hh^y-^ym. f-^^xy^, is 
mi^j:im.t:^^mt:-^=Fp^i.zmm^zwLm.L. mm 

[00 11] Saasy-Fl 0 6{i, ^-^:<hi>iIFy;t- 

jum^^mm-^^ 102, 1 0 3 i 0 ti^ffitftx-fc 
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U&h y^^M^^^l- 10 2, i03X^i,^\^:itt>^ 

ztifim^u^. y'-h«®io7{±. mmimm^m 

^^^^^ 1 0 4, 1 0 5 1 mmi>z, ^y-^'ym. 

[0012] mii,z^Ltz-^^mW=f-hyy=Jx^\,i. 
^m^'^^ii'V^Xl.him^zm^mttch. § t>\,zM3L 

X. m.w&-9t=f-i)^(>^j:hhy^)vm-^im\^h:iti,zx 
ximm^mx'hi>. 

[00 13] 

mx'ii , y^--uy$)hi-^ii^ c7)mmm^ ^ i. f 

•y hi:MmLfz-!n'-=F^m^hyyi^X:^c7)mmizmLm 

-h$-«i!L:^ctc7)*J#«^h^>'S;x^T'fc-l.. Lfz 

ifi-iX. m-W^ hyy'JX^ cr,mmcOfzibl,Zlt , 

[0014] *^BJtc J; l.:«-^#«^r^N'-f xcoa^h 

^t^d:^mmiiyy-uyht\'^ii^(Dmmm-''^^j:6 

4^ H y M , ISS^ K -y h t-fk^lS-^tc J: 
;^c^^14^l^*-^>:3r-& h y^^ivm^ 2 , 3 , M h 

4, 5ii-htc^Z.tti^fr^^tiX\-^h. icoJ:3^a^h 

4 , 5 c7)M^gSr?ha5«ffi6c«i^t- S Cl J: 0 , 

[ 0 0 1 5 ] 112 ^Zfr^Lfzi. 5^(60]fullerene polyam 
idefctSV^T. 7^-^>'*»^^-5.*^ h' <y M . 
uru^'^yWC^mU'itifm^^tlfzmm.'rf^iJ-h^j: 
S h y^-;ujf -^2 , 3 , IS h >'4-;Wf-^(c«M-r-S.±tc 

U^A, 3ipk-^j:^:iti)^5r^^tiX\>^h.mhy^^)Vm 

^4, 5{i, ^^^■rLt,*0!l^^^L^^^it■c^>l.i^^^^i=5^ 
0 , jtKwisv^ffiijtfi^fto b y^^M^-^^mfmrnT 



yi)^i^^^^ymi!}':kmz^^Th'0. ^r^UXj^^ 
±mtix\'^^. 

[0016] zcox 0 ^d:6^^im^^xm^(Dmmi^^^ 
^tesr)Pl|^•r ^ i: , m3i,z^.LfzJ:o ^mm^ xVnm x 

[0017] tJt*>'-5T, ia2fc^L;^v:«ji{iSiat!)-f^ 

iMm^-!^^mmrf7'^<-(^(ommt^j:i>mikt vxm 
v^^^^-i^vuc, yy— \yyi commune ^-y 
[0018] m^, ^-uy^^ yr(^^ sji, *^ 

L T V ^ -g, tJi-^ J: T ^ilitcp^ir o /irffitc^ I, t ^> 

[0019] im\.fznmFi-y'i^A:^mm.(nmmr>^-)i 
(^-m^'-fK^izmmth . -^^mxM.. 4^ K-y ht t-cffl 

\^hyy-vy\.z^ mm.'^=f-t)^hti:hYyA-^)V^-^^ 

m h y^/um'^iz^m-t?>mm&^^x *)^j:^mmi*^^ 

^^X'tm^'^fzij<7)X\ (60)fullereneobisacetic acidh 
4,4 '-Diaminobenzophenone:ii^Jc> (60)fullerene polyami 
de$-^{£-f-St<7)T'fc-l). (60]fullerene polyamide «0 

i.otcyy—vy^^A.x\ iy^^y'n/^yMWt^'k'i: 

^-:>mm-h^j:himm^m^^ti. ^(=t,zmm.mzm 
ifi-^x^^hmmt. ^iz^^fz^=F!Wir^JU x^m: 
m-hfz^^mmb^j:hm^x'h^. za^^^m^i, 
ii'V'jy. i^-itv^'yM^mcr>mm^-fi-LxffhrL^i,<D 
x\ ±^'^^^m±iiiT(^MK)X'h^. zmiv-m. 

^S;^h'J^^-X, 1 037H1 9 97^ (J.Li, et 
al.. Chemistry Letters, 1037 (1997).) tCpaiLT 

h^bHOX'h^, 
[0020] 

mm-, i^-ftv^^j^ 

Rm-iSi^ : 1 1 ojk 

K&mm%: mm 

M4l,Z7ikLfzJ^ d^KJi:4zJ:^(.60]f\iUerene polyamid 
ecOIR^{i{J{5'9 0-9 5%m&b , -t^lzmmi^zWix. 

^fSfcom^^hcox'h^. tfz. smcoR&±^^t:m 
m-ti>Zbi>^MizT^?>, 

[002 1 ] :^^mcr)'^=Fliyy-l^y^\'^Lm<!f:yy 
-UytiXX/-?rcr)mmi^(mtl^^im.^¥-y hbLXM 

mLx\^^hj^timhmmx'ih^> mm(r>^mx' 

i±y y-uyiz h y^jum^t:mim^^^zbi)^n-^ 
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^-S&^ii. 114 tc^ L/C idle, i^C^nruJ^^mW^ 

[0022] (^)5s^j 1 ) :^mmmxu. mmfuuer 

ene polyamidecT)!^ F y h i; ^■i)'^^ 7 5 — ^'>'aB:}^• 
y i^'X ^' S-m-r -I. *S $r m^-t . II 5 {ill [60] fu 1 1 
erene polyamideCOSaigSP^tcStKWtCRlE^-tirJt^ 

hyy'Jx^s^ity^-uyt^^^hm'T-i^-yhi 1 , h 
y^vi^®-^#tt^^-r<^j6^^^^ 1 2. 1 3. #m 
tt^#tt*^-r^& 14,15 i3 j:t/*&^y- 

6. mm'&^'FX'm^^ti^y-y' i nj-i^^^, mm 

e^^^ 1 4{iy-x. SimtttJi-^l StiHU—yi: tT 

[0 0 2 3] y- hinzm&.ifimn^ ixhk. z<7)m 

xyi^-^^i^/^^'^-fLL, -eijosg^y-x 1 4 1 , Kb— y 
15 1 comi/zmi ■§> y ^-;^moiiffl*^'y- K con^r- y 
i^-cMZldm LX ^itt^ . ^(^XdizLX. y~h<7) 
^r- y i^-vJU-hK h^y n y ^'^ ^' y'x 2: ^-ft 

i>:iti>zX'0. h y^^fum-^co^. KSi* $^c7)rv<>f 

XJ^^;<-^ipJx^cr>m<,Z?^m-t^Zt t'^X'^ h . t 
fz . »^ H -y h <0^m 1 7 7 - 1/ yc7)3Sfl]^|^2^f!|s ^ffl 
v>S i i: 1= J; O^-fCT't , ^^0)iW'Sr^S?i:Eat: i 

0, ii^3]^tt^^tt^^to^r«m«^^5yi^•^^^ll 
m^mxhh, 

[00241 :mmmx'mfjk Lti-si^mm^ v^yi>7. 

tmPf-Y -y hc7)^^Ai 1 0 nmmT. *f tC^)t$: 

yi|ig|flsj:0=5r«. h^yj^'^^r^'tJt^t, lOOOm 

S<i>tchy^^;Wg^g|5^^i>«it, ;R$^iO>N°7><- 
^ Sr+^lc$iiffll ^^f^m/^'h^X'l^m- h fznb, i^^iz 

mm<om\'mtfi<omm^^mx\ mm^(o^\'\ ^tto 
h h , Ltzij^-o X :^%m<r>i$.mm^j:^^mmt<zi^ # 

[0025] ( ll*feCFiJ2 ) I17tc , mm\X'^'^ Lti-9t 



=f-sm'?-h'7y'j^'^^mnMmz^^^thtz>^(r>m 
iico-fiaj^^-r. "^Tn.wft^mm^mwmMi.zm 

7 1 5 7$>SV^{i#iB^6-3 0 2 80 7^tCiM^§ 
i:^-^-r I. ^jt$:SfJt-ti:7t*.c7)T' ^<r>fz)sb^ 

m^=Ft f- vmm-<^mi^\iz^ V yme. ^^-fum 
s, ^)u^^yim(mif^'^^-\t. zti^i:Mmm^m^ 

[002 6] 08 (A) , (B) {iHlt^^j^STS^L 

fz'^'f-M^m^ h'yy-Jxsft c:<o#«-? h 7 yi^'x^fo 
^^^ty-vm^<r>^\,zmtrz^vy^. 
^^-)vms^ :f] )VTr^ymm(Xim<mmM^mu±.^zmi\ 
Ltzn^<Dm.=?-x'hhmA&^ :^Au±5j:i/vi;3ys 
itm^Lx^^hw^i^mz^-tmx'hh, loi 

(i*^H-y bi:^I.K8=7^-UyT'S)0, dfit^'ft^ 

mf^zm-^Lx^^h^mm^Tco^i^ymsetmi 1 3 

IC, f-:t-;l^^**"^ 1 1 ItC, ;{?;UrKyMSCCIO;{)>v-iJ 
3yi 1 2t:StR6<jt:fe-^LTV^I.4^?a^^^^o 

[0 0 27] I119{i:, mSi>z^hfz^=f-S^m^Vyy'J 

:^i^imK±.f<zimi\LLi-zm<7^m^mx'^i> . 20m 
i^mfcg?«^^^•■x Ym-^n^titzmLxh •5,202 

{i^iO-gp^ffi:^ LT^^^mm^ b ^ y i-'x i?*s}f 
tLT».^-g.^;^SS:^-t. K-y L-rOy'7-l^y 1 

0 1 ^^>{j'fth^^Sm'f-Vyy'J:^'S^2 0(r>^mm. 
iS^<7).fe^>^Se, f-3r-;W«S. ;er;l';J<yKaC00*« 
:^±t-S)'i>A^ti6iE?(i$iiTV>S«Bl 1 3, 1 1. 
fcJ:WJ3yi 1 2tcS4Re<>(clS-^t. c:^x<^*^'mM 

<r)mmmmzmtx\mm-^^n.h, zixt:><r>mmi^ 
yht^^mi 13.^111. Jsit/fj^y 3y 1 1 2 

[0028] mwi.±(^mmcr)iiLm.^zmm^-( y h i: 

«gl 1 3, #1 1 1 . iJilA'S/iJ^yi 1 2^W,m:th 
|g$^^T^^■>l)!»ST6 - 2 1 6 3 9 3\,Z5n^tlhi.d-^j: 

-ffmx' s T M ^mm^ixi,f^\ ^. 

[0029] 

mL<?^mmi)^i^m^i3>^j:i:^\,z. 

m^zi.mt. ^^a)i^''Jny^mWt^hti:hhyy'Jx 
^ J; D 1 0 0 Ofgg^t jIAHcKf^M«*^3I< . 1/ 

1 0 0 0SjKi;®*HC^&*v|N$V>fcii6Am^JKcOit 
v^. ®lS1±Sgt8-i=^#m^=^h^yi^'X:$'&^3S^tg-?:'3il> 
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[02] *?|BH{c J: iy-^'f-mm'f-T^'^-! :^<nm^t ts:h 
[05] i^h' y htC(60]fullerene polyamideS-glffl 

[06 ] h 5 y>''X^C7)ttig^|jiBJt-|,0. 

[07 ] mFtV- y h{C(60]fullerene polyamideSrfi?ffl 



[08] mrfY'V htc(60]fullerene polyamideSrS^ffl 

[09] *«-{b§ix7t;«-^^*«^ h 7 vi^y.9(r>mm 

1, 11, 1 0 l-"i^H-y 2, 3, 12. 
1 0 2, 1 0 3---h>'^VPg^-^, 4, 5, 14, 
1 04, 1 0 5»«#:, 16, 10 6"-y-l 
17, 107---y-h, 1 1 l---:^, 112- 
y, 113-^, 2 0"-4J-^m«^h7>i^'X^', 

1 ■■•^^^ixr^%=i-^m=^ V 7 >'i^'^^'. 



1 3, 
1 5, 



20 



[01] 



[02] 



1 07 




H OH 




1 05 



[03] 

a 3 




HOOC 




[EI4] 

g 4 



COOH 



[60] fullerflnobisacttic acid < 4* -Dianlnobcnzophenone 




[60] fulleren polyanide 
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[saia] i^2n i 2b 

[ fl^iR 2. ] MIS h v^^ypjg ttph^^ § 
0 . 2 >5rV ^ L 4 n mT-fc 1. If *JI. 1 letgcOtJ^i^^^^ h 



ffi Lgp^^t ^^^^^^ ^^m^Ji-i^t ^-fh^ 

i^-^ ^ c7)rg.Ji^^04Sa5 (^^^-^ L T V ^ ^ ^ viSS. -fe 
\.z . mia^^ h 7 i/x ^ ixfz 



